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SUMMARY 

Radiometrio  and  photometric  concepts,  symbols,  units  and  definitions 
•which  are  employed  by  the  Naval  Applied  Science  Laboratory  in  its  retinal 
burn  and  flashblindness  research  are  given* 
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ADMINISTRATIVE  INFORMATION 

The  work  described  herein  constitutes  part  of  the  Naval  Applied  Science  Labora¬ 
tory's  programmed  effort  on  the  Effects  of  Thermal  Radiation  sponsored  by  the 
Defense  Atomio  Support  Agency  under  DASA  Subtask  03o001o 

ACKNOWLEDGMENTS 

The  work  reported  herein  was  conducted  under  the  direction  of  T«  I0  Monahan, 
Head,  Physics  Branch,  H»  Korbel  of  the  Laboratory's  Scientific  Analysis 
Staff  gave  considerable  time  and  effort  to  discussion  of  these  concepts  with 
the  authors  and  thereby  contributed  significantly  to  this  developmento 

OBJECT 

The  object  of  this  report  is  to  present  the  radiometric  and  photometric  con¬ 
cepts,  symbols,  units,  and  definitions  compiled  by  the  Naval  Applied  Science 
Laboratory  in  its  retinal  burn  and  flashblindness  research.  The  glossary  may 
have  value  for  other  activities  engaged  in  these  areas*, 

INTRODUCTION 

In  order  that  experimental  results  be  of  value,  they  must  be  reported  in  such 
manner  as  to  minimize  possible  ambiguities.  Confusion  may  arise  where  con¬ 
cepts  are  not  carefully  delineated  and  the  oorresponsing  units  not  clearly 
defined.  Retinal  burn  and  flashblindness  research,  particularly  the  latter, 
requires  both  radiometric  and  photometric  concepts  in  order  to  display  data 
in  a  meaningful  manner.  The  Naval  Applied  Science  Laboratory  proposes  to 
employ  a  nomenclature  based  on  four  sources?  a  military  standard,^  the 
Glossary  of  Terms  prepared  by  the  American  Institute  of  Physics  and  used  in 
Optics  and  Spectroscopy, 2  a  previous  glossary  issued  by  the  Laboratory,^ 
and  correspondence  from  the  Air  Force  School  of  Aerospace  Medicine*,4 

GLOSSARY 

The  radiometric  and  corresponding  photometric  concepts  are  defined  and 
given  alternately  in  Table  1  as  applied  to  a  source  of  radiant  energy,  - 
Table  2  lists  the  terms  as  applied  to  the  properties  of  a  material  and 
Table  3  lists  the  terms  which  describe  the  characteristics  of  radiant 
energy  at  the  location  of  a  receiver.  In  Table  4  the  radiometric  and  re¬ 
lated  photometric  terms  are  listed  together. 

Various  relationships  between  the  quantities  are  often  used0  Table  5 
relates  the  radiometric  quantities  for  a  spherical  source.  Table  6  gives 
the  relation  between  radiometric  terms  at  a  receiver  generally  and  for  a 
focussing  receiver  such  as  a  camera  or  eye.  Table  7  gives  corresponding 
relationships  for  a  flashblindness  situation  but  the  source  terms  are  for 
a  plane  surface  source0 
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DISCUSSION 

’'Radiant**  concepts  are  applied  to  the  characteristics  of  electromagnetic 
energy  at  all  wavelengths.  “Photometric**  concepts  refer  to  what  is  per¬ 
ceived  as  light,  i o e. ,  radiant  energy  that  has  been  weighted  by  the  stand¬ 
ard  luminosity  curve.  The  luminosity  curve  is  a  measure  of  the  ability  of 
the  photopic  •  (non-dark-adapted)  eye  to  respond  to  radiant  energy. 

The  concept  of  luminous  flux,  measured  in  lumens,  corresponds  to  the  con¬ 
cepts  of  radiant  flux,  measured  in  watts,  the  definition  of  photometric 
units  following  from  this  correspondence.  Specifically,  the  luminous  flux 
is  related  to  the  radiant  flux  P  as  follows* 

F  ®  680  dX  lumens, 

where  P^is  expressed  in  watts  per  micron.  V\  is  the  weighting  factor 
given  by  the  standard  luminosity  curve,  and  the  theoretical  maximum  lumi¬ 
nous  efficacy  is  680  lumens  per  watt. 5 

When  it  is  desired  to  apply  the  radiometric  terms  to  the  quantity  at  a 
particular  wavelength  the  term  “spectral1*  is  used  as  an  adjective  for 
the  concept,  the  Greek  letter  X  is  used  as  a  subscript  for  the  symbol. 

The  unit  wavelength  interval  is  usually  one  micron  but  other  intervals  may 
be  usedo  A  quantity  in  a  finite  wavelength  interval  is  not  properly  a 
spectral  quantity  in  this  sense,  and  it  is  customary  to  refer  to  it  as  the 
radiometric  quantity  in  the  stated  wavelength  interval. 

When  it  is  desired  to  emphasize  that  all  energy  in  the  spectrum  is  in¬ 
volved  or  that  a  summation  of  spectral  quantities  has  been  performed, 
the  adjective  “total**  is  applied,  as  total  energy,  total  radiance,  total 
emissivity,  total  radiant  exposure,  etc0  The  term  “total**  is  also  ap¬ 
plied  to  mean  all  of  a  quantity  in  a  pulse  or  to  indicate  that  a  summa¬ 
tion  over  a  time  period  has  been  performed.  The  term  “radiant"  instead 
of  “total'*  is  often  applied  to  transmittance,  reflectance  and  absorptance 
and  is  also  used  to  indicate  a  spectral  summation. 

When  it  is  desirable  to  indicate  the  location  of  a  specific  quantity  an 
adjective  is  employed?  thus,  free  field,  corneal,  or  retinal  are  often 
used  to  differentiate  between  the  various  irradiances  or  radiant  exposures 
under  consideration. 

Two  photometric  units  which  have  been  tentatively  omitted  from  the  table 
of  the  glossary  are  the  lambert  and  the  troland.  The  lambert  is  a  unit 
of  luminance  and  the  troland  a  unit  of  retinal  illuminance.  A  perfectly 
diffusing  white  surface  receiving  an  illuminance  of  one  lumen  cm"2  is 
said  to  have  a  luminance  of  one  lambert.  It  is  common,  but  by  no  means 
adequately  justified,  to  omit  the  concept  of  a  perfectly  diffuse  surface 
and  to  use  the  lambert  to  indicate  a  luminance  of  (l/ir)  lumen  cm^  ster”l 
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without  specifying  the  source.  It  is  felt  that  this  ambiguity  mitigates 
against  the  use  of  the  unit,  especially  as  there  is  no  clear  advantage  to 
its  use  otherwise.  gee  Reference  6,  page  12,  for  a  similar  comment. 


The  troland  is  defined  as  the  retinal  illuminance  produced  by  a  surface  having 
a  luminance  of  one  candela  nr 2  when  the  pupil  area  is  1  mm^,  (The  candela  is 
a  unit  of  luminous  intensity  defined  such  that  the  luminance  of  a  blackbody  at 
the  solidification  temperature  of  platinum  is  60  candelas  cm- 2 . )  in  specifying 


trolands  one  measures  the  pupil  area,  and  the  brightness  of  a  surface  in  lumens 
cm" ^  ster”  ,  usually  by  a  visual  matching  instrument,  but  often  by  a  phototube 
device  which  has  been  calibrated  in  terms  of  the  visual  matching  instrument. 
Often  the  basic  measurements  are  not  described  and  confusion  arises  as  to  the 
nature  of  the  experimental  quantities.  The  troland  is  a  unit  of  convenience 
and  is  useful  only  in  rather  specialized  situations.  It  is  also  difficult  to 
convert  trolands  to  other  photometric  units  in  mai^y  situations  of  interest. 


FUTURE  WORK 

Future  work  will  entail  updating  this  glossary  as  additional  concepts  prove 
useful. 
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Concept 

Symbol 

Unit 

Definition 

Radiant  Power 
or  Flux 

P 

watt 

Rate  of  energy  emission 
by  a  source 

Luminous  Power 
or  Flux 

F 

lumen 

Radiant  Energy- 

U'  ' ) 

watt-sec  (joule) 

Basic 

Luminous  Energy 

U(L) 

lumen-sec 

(talbot) 

Radiant  Emittance 

W 

watt  cm-2 

Power  per  unit  source  area 

Luminous  Eihittance 

L 

lumen  cm  ^ 

-1 

Radiant  Intensity 

J 

watt  ster 

Power  per  unit  solid  angle 
emitted  by  a  source 

Luminous  Intensity 

I 

lumen  ster"-*- 
( candle) 

Radiance 

R 

-2  -1 
watt  cm  ster 

Power  per  unit  solid  angle 
per  unit  projected  source 
area 

Luminance 

B 

lumen  cm-2ster“-*- 

Radiant  Density 

u 

joule  cm”^ 

Energy  per  unit  volume 

Luminous  Density 

q 

lumen- sec  cm- 3 
(talbot  cm”3) 
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TABLE  2 

MATERIAL  TERMS 


Concept 

Symbol 

Unit 

Definition 

Transmittance 

t 

numeric 

Ratio  of  exiting  to 
incident  energy 

Reflectance 

r 

numeric 

Ratio  of  reflected  to 
incident  energy 

Absorptance 

A 

numeric 

Portion  of  energy  not 
reflected  or  transmitted 
(1-r-t) 

Emissivity 

© 

numeric 

Ratio  of  energy  emitted 
to  that  of  a  perfect 
blackbody  emitter  at  the 
same  temperature 

Critical  Radiant 
Exposure  or  Dose 

Qc 

watt-sec  cm"2 

Radiant  exposure  for  which 
an  effect  is  produced  in 
50%  of  the  samples 

Safe  Radiant 
Exposure  or  Dose 

Q(safe) 

watt -sec  cm" ^ 

Radiant  exposure  (maximum) 
which  produces  negligible 
effect 
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TABLE  3 

RECEIVER  TERMS 


Concept  Symbol  Unit 


Definition 


Irradiance 

H 

watt  -cm"2 

Power  incident  on  a  unit 
surface  area 

I 1 luminance 

E 

lumen-  cm- 2 

Radiant  Exposure 

Q 

joule  cm"2 

Energy  incident  on  a  unit 
surface  area 

Luminous  Exposure 

Q(L) 

lumen-sec  -cm-2 

Radiant  Dosage 

Qa 

watt-sec  cm-3 
watt-sec  gm_1 

Energy  absorbed  per  cm3 
or  gram 
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